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(S4)Thle: BlQSENSINGlvffiliii"wnH PLUGGABLE MEMORY 
(57) Abstract 

A biosensing meter (10) is en- 
aNed to receive a sample strip (18) 
that delude, a Sampk ^ > 

With an anaiyte reactant therein and 
electrodes (24, 26) in contact tbcre- 
with. The biosensing meter (10) 
includes an excitation supply (44) 
for supplying potentials to a sam- 
ple stop electrode (24). A sense 
amplifier (50) is also provided for 
connection to anotber electrode (26) 
of an inserted sample strip (18) and 
Pnxruccs an output signal indica- 
tive of sensed currents when an au- 
?vte containing And is present in 
ibe stop's sample well, A pluggable 
key (30) is msembkinto 
the meter (10) and memoes a plural- 
ity of stored parameter values and 
Procedure routines that control op- 
erations of the meter. A micropro- 
cessor (59) is responsive to a pro- 
cedure routine and parameter values 
accessed from the pluggable mem- 
«y key (30) to cause the excitation 
*»PPly to appry fl plurality of poten- 
tials for preset durations, both the 
values of the potentials and me time 
duration of their application are de- 
termined from parameter values de- 
rived from the memory key. 
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■ 

This invention relates to biosensing meters far- «'+ • 
the presence of an anaXyte in a Zl^^™"^ 
»ore particularly, to a biosensing meter ll e ' 
controlled by data accessed from a re ^ OP ^ tion - 
memory module. ^ ' lovably pluggable 
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« a otio„ zone tor * '"f^ a «» °r 

microprocessor/read only . * A 

to e«c„te varlous I * it 

2» reading. However, if th . , " de?lrea *"«>iyte 

detemin. the ,„, lvt<! J£ ^'""/Procedure use d to 
otherwise Chan,,,,, a „ d lt , =«PPta„tea, or 

SoneraHy th. resnlt. In rea,sl 9" « the »eter is 

» to cnsto.ers are oh S oie Jd """^'V 

Procedure »a, .efelv reoalr. tn """" th0,,9h the proved 
CMP tor another ..™ ~ ^ ^""i„„ „ f „ De M , ory 

Prior art biosensing meters k 
30 sensing and reflectance tel!' eB,Pl0yGd CUr ~»* 

-vels in bl ppd -ZZZTTIS ^ction o f analyte 
Nations in sarople 

accomodated through the provision f CheMiStries were 
chip that carried information recardi, " 
* sample strips. In „ «... ° re 9ardang a specific batch of 

- assigned to the saBe a 5 '° 53 ' 199 *° * al- 

Mosensing meter of the ref T' applica *ion, a 

« P^able. programmable Ro^t c'T 

P-inent to the optical chaLt ItTcsT ' 

istacs of a particular 
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batch of sample strip test chemistries. Such information 
enables the user to obtain an analyte reading without being 
required to mechanically insert calibration information 
(that had been previously provided with different packages 
5 of sample strips). That .calibration information includes 
a table or set of tables that convert a reading obtained 
from an optical sensor to an analyte concentration value. 
Keiser et al. enables such calibration information to be 
directly loaded from the ROM to the meter. 

■ 

10 

In U.S. Patent 4,975,647 to Downer et al.., an analytical 
machine (e.g;, a chromatograph) that employs consumable 
fluids is provided with a facility to receive a pluggable 
memory module. That memory module contains information 

15 concerning the timing of calibration operations, 
information identifying the fluids container, information 
identifying a class of analyzers with which the fluids 
container is usable, and information identifying the 
concentration of the fluids. Such information is then used 

20 to manage the frequency and times at which the instrument 
is calibrated and to further assure that a fluid pack is 
mated with an instrument that can properly utilize the 
fluids. In one example, Downer et al. describe a blood 
analyzer with a pluggable memory module that identifies the 

25 type of blood, analyzer with which the fluid pack is 
intended to be used; the manufacturing lot of the fluid 
pack? a serial number uniquely identifying the fluid pack? 
concentrations of an electrolyte solution in the fluid 
pack? calibration zone times? "slippage" variables and a 

30 conventional two byte cyclic redundancy check (CRC) word. 

The prior art includes further disclosures of biosensing 
instruments that employ disposable sample strips. In U.S. 
Patent 5,108,564 to Szuminsky et al v , a biosensing 
35 instrument is disclosed that measures ' glucose 
concentrations in blood. The instrument depends upon a 
reaction wherein glucose, in the presence of an enzyme, 
catalyzes a reaction of potassium f erricyanide to potassium 
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ferrocyanide. After the reacUnn k 

- applied across a ' * ****** 
the reaction with an V a reversal of 

- glucose in ^.^^'^^^.^^ 
curve during the reverse reaction. A r eaT " 
cottreli current is converted into an indLtTon f T 
concentration. The instrument also senst an 7 ^ 

10 across the reaction zone and determines when a MoT 
has been emplaced therein by detecting * 
current flow. At such a s ^n change i„ 

co^nced, foUowea " ^ 

4-u • a PP Alca tion of a potential ^ 

the reaction mrx* F u *-enxial across 

eacrion zone and measurement of the Cotton 
15 UJ,e yontrell current. 

European patent Application 0 171 „,., ,. 

Outsets th. pLenc? H' a M r 1 " 

P^a"ty of aaoplo-n;; a " """^ 

resistahce »alue vhich a, .t """^ " Speci "'= 

Baoh „ those strio, h " ° th « ""l*- 

, ouring a calibration mode, etc. 
U.S. Patent 4,999,582 to Parks et 

Assignee as this aonlf 7f ' aSSlgned to same 

xnis application, descrihoc '» ^ • 
electrorto »^a*.-^i ' ' aescrib es a biosensor 



30 



35 



electrode excitation ' "bribes a biosensor 

-rip has heln PrZrly^r^ " 3 ^ 

least one electrode on h " " T° 9 ^ — " " 
level of contact resistance 9 ™" 

«-S. Patent Application Serial Mo . 07/451 309 „ 
December 15 lqn q + ^. u '/«31,309, filed 

IPStrueent an'a Hetaoa. and . ' 

tM- application, JL£ V ^CiT 

tne .cotttall. e„„ e -^Z^T^ 
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zose concentrations. In that instrument, current flow 
x=» proportional to the concentration of an analyte in the 
test cell? however, when something is amiss in the test 
cell, the current that results may bear no relationship 
5 whatever to analyte concentration. White indicates that a 
relationship exists that enables a determination to be made 
whether current flow through a reaction zone is, in fact, 
following the Cottrell relationship. More specifically, 
the ratio of the square roots of succeeding sample times, 

* * * 

10 for all analyte concentration curves, to inversely 
approximate the ratio of the measured Cottrell currents at 
those same sample times. If over succeeding time periods, 
the ratios are equal (within limits) , the measurement 
system is properly following the Cottrell relationship. If 

15 the ratios found are not equal, the measurement is 
disregarded. 

• t i 

U.S. Patent 4,940,945 to Littiejohn et al. describes an 
interface circuit for use in a biochemical sensing 
20 instrument.. A disposable cartridge is employed that 
includes a pair of electrodes across which resistance 
measurements are taken. Circuitry is disclosed for sensing 
the presence of a fluid sample by an initial resistance 
measurement, and also the level of fluid in the cartridge. 

U.S. Patent 4,420,564 to. Tsuji et al. describes a blood 
sugar analyzer that employs a reaction cell having a fixed 
enzyme membrane sensor and a measuring electrode. The 
Tsuji et al. system includes several fail/safe procedures, 
30 one to determine that the reaction is taking place within 
specifically defined temperature limits and a second to 
determine that the reaction current remains within a 
predetermined range. 

» 

35 While the above prior art indicates that it is known to 
employ, pluggable read only memories for insertion of data 
regarding characteristics of disposable sample strips 
(and/or fluid packs), none addresses the problem of 
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enabling a bios ensing meter to adaot ^ ^ 

revised test protocol and P *Jj^ t ^~^ 1 ' 

redesign of the electronics, or meter. ** 

5 Accordi "gly, it is an object of this invention to 

a biosensing meter wii-h ^ , "vention to provide 

enables subsL^i I , P 99able T that 
sunstantial reconfiguration of test 

Parameters employed by the meter. Proce *"~ and 

■ 

0 b LseL ~ e ; b ^ r T s r ention to " > 

enables th reshol p^X.*^ '^' 

other pertinent test ' ^ Peri ° ds ™« 

pertinent test procedures and con^ a «+- 
inserted and/or altered. constants to be 
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It is yet another obiect of th{« • 

r Jj y .tZTTLZ^T 1 " 



SUMMARY OF THR Tm> nmm , 

25 L b f SenSin9 ^ iS enable * receive a sample strio 
that includes a sample well sample strip 

therein and electrode! reaCt * nt 

no electrodes i n contact therewith th, 

mer as also provide 
electrode of • Vlde<3 for connection to another 

e-iectrode of an inserted sample «t*-*.<r» * ■ 

output signal indicative of sensed current h Pr ° dUCeS ^ 

containing fluid is present ""^ 

Pluggable memory * ey is i™^ Lo Z * 

35 includes a plurality of stored »eter and 

Procedure routines that con T V * lues «* 

canes that control operations of the meter 

A microprocessor is responsive to a n , n „ 

a procedure routine 
parameter values accessed fr „, *k , 6 and 

accessed from the pluggable memory key to 
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cause the excitation supply to apply a plurality of 
potentials for preset durations, both the values of the 
potentials and the time duration of their application 
determined from parameter values derived from the memory 
5 key. The microprocessor controls the sense amplifier to 
provide a plurality of signal outputs over a predetermined 
duration, the sense amplifier being operated under control 
of specific parameter values derived from the pluggable 
memory key. Replacement of a pluggable memory key with a 
10 memory key containing alternative procedures and parameters 
enables the biosensing meter to carry out substantially 
modified test procedures without a requirement for 
modification of the structure of the meter. 

15 DESCRIPTION OF THE DRAWINGS 

Fig; 1 is a perspective view of a biosensing meter 
incorporating the invention ; 

20 Fig. 2 is a plan view of a pluggable read only memory key 
for controlling the operation of the biosensing meter shown 
in Fig. 1. 

Fig. 3 is a block diagram of circuitry contained within the 
25 biosensing meter shown in Fig. 1. 

Fig. 4 is. a waveform diagram illustrating an excitation 
voltage applied to an excitation electrode of a sample 
strip used with the biosensing meter of Fig. 1, and a 
30 resulting sense current determined from a sense electrode 
on the sample strip. 

Fig. 5 is an expanded view of the sense current waveform 
that occurs when a drop of analyte is initially detected. 

35 

Fig. 6 is an expanded view of a plurality of measured 
currents detected during the measurement period , which 
currents follow an expected Cottrell relationship. 
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Fig. 7 xs a cxrcmt diagra, of a sense amplifier whose gain 
state ls controlled in accordance with data read frl T 
Pluggable read only ^ory key shown in Pig. 2 

: 

^- 8 is a high level flow diagram illustratinc. 
procedure for determining whether a pluggable m e 3 
*as been changed during the course J . ^ZTZ^ 

10 DETAILED HKiSCRIPTTOM »p ™» TnrniTTf||| 

Referring „ OW to Fig. i, a biosensing Be ter 10 includes a 
^splay 12, control buttons 14 and a slot l 6 for r ' 
a disposable sa^le strip 18. Samp le ^ll JT ^ 
15 well 20 (i e a P 8 conta ins a 

rr lc ~ °™ — ^ - -Tien 

I* insulate ana provide!1 

~1 ^ T 1 • 00 " tacts " ithln " etet 10 «• — -I- ^ 

make contact with leads 36 and 38 h 
5 electrically shorted. *"* * beC01De 

When ROM key 30 is inserts 

fle*.hio . lnserted mto meter 10f a plurality of 

tiexible contacts internal , 

internal to meter 10 make connection with 
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leads 36 and 38 and enable a microprocessor within meter 10 
to access data stored in ROM chip 32. ■ 

■ 

Referring to Pig. 3, a schematic is shown of circuitry 
5 within biosensing meter 10, and illustrates a disposable 
sample strip 18 inserted into slot 16. An excitation 
voltage source 44 provides a variable voltage to a contact 
46 that makes connection with electrode 24 on disposable 
sample strip 18. A contact 48 enables a potential 

10 appearing on electrode 26 to be fed to a sense amplifier 50 
whose output, in turn r is fed to an analog^to-digital 
converter (A/D) 52. A temperature sensor 54 is positioned 
within meter 10 and also provides its output to an A/D 
converter 56. The outputs from A/D converters 52 and 56 

15 are applied to a bus 58 which provides communications 

■ - 

between modules contained within biosensing meter 10. 

A microprocessor 59, with a display unit 12, provides 
overall control of the operation of biosensing meter 10 in 

20 combination with data read from ROM key 30. ROM key 30 is 
pluggable into biosensing meter 10 and contains non- 
volatile memory that includes constants and other data 
required to carry but analyte^determination procedures. In 
general, a ROM key 30 will accompany each batch of 

25 disposable sample strips 18 and will contain constants and 
procedure code that enable meter 10 to adjust its 
measurement parameters to match the specific batch 
characteristics of disposable sample strips 18. Further, 
ROM key 30 will also contain a large number of additional 

30 variable values that control the operation of 
microprocessor 59 in performing the actual analyte 
determination tests. Those variables will be discussed in 
detail below. 

35 Excitation voltage source 44 and sense amplifier 50 receive 
their commands from microprocessor 59 via bus 58 . 
Excitation voltage source 44 responds to those commands by 
applying various levels of excitation potential to 
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electrode u of aa.pi,, stri „ 

controiiea to have tlro different ^J"*^" ia 
avord a satoretion condltlon els ° f e» as to 

" excitatioo volt , 9e to s .^r st " W « 

* S an example, it win be , 

cootaioi^ s ,.p le is a drop th e a» a lyte- 

to , glucose aet bl f d . «>« - Wi„ g 

strip f„ r a glocoSs aeto^inatlon Wii ■L^??*' 
the f„ llowi „ 9 reaotants: "J^ i» .ail 

. fonMrs , and .; W a 

preferably potaaalu. ,erriey a „i d e a « f „ * 
~« - Propiotio . If 2 2" f "" 

eeployed for a choleeterol co*»»t"r " a * 13 t0 be 

eo*y~ wollld preIetably J™"' 1 "" **<-Wio a , the 

without a cholesterol esterase tddi? 
^ prefer.*, i„ organlc JTIS^L^^ 
; '»ch .» potaaaiu, cllloride incll «« » el.ctrolyt. 

e»=a t„o aadiatora vd»7* t ehlorida. ,„ t „ is 

■ 1<ators would be used ti . 
clones, and would be placed in Ik fwri ^ a nide and 
indicated above. ) " ^ gelatin «1> as 
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20 



25 



30 



35 



described 1d si^ifW ^.J" »<* ba 

«-ooaa deter^atioo ia „a d . ^ " 7 th " * 

W" 20, a sa»p,e of blood * J » 

causes , forward reason' oT ' """" the 

—sic. ~0*JZ^"^12?^ 
completion duriim • "action proceeds to 

auring an mcubation oerinrt 
application of an excite, P e "od ; A subsequent- 

electrode 24 in dispo Z l^ZiJT'' * 

nation of a SJBall . ^ see the 

"suits from a reverse rTaTt, T" eleCtr0de 26 *»f 
-acK to potassium T Potassium ferrocyanide 

potassaum ferrrcyanide. The flow Qf 
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- 

during the reverse reaction is sensed and measured at a 
number of points so as to enable a determination to be made 

that the reaction is both following a Cottrell curve and to 

■ 

further determine the level of the Cottrell curve. That 
5 level is indicative of the glucose concentration. The 
resultant glucose value, is thereafter corrected to take 
into account ambient temperature. 

■ • . 

As above indicated/ the operation of a biosensing meter 10 
10 is substantially controlled by data contained in ROM key 
30. ROM key 30 will contain a variety of data values that 
are critical to the proper operation of meter 10. Those 
values encompass measurement delay times, an incubation 
time, the number of measurements to be taken during a 
15 measurement period, various thresholds against which 
voltage levels are to be compared, values of excitation 
voltage levels to be applied to sample strip 18 during a 
test procedure, glucose value conversion factors, and a 
variety of failsafe test threshold values . In addition, 
20 ROM key 30 may contain either a portion of or the entire 
code listing that controls the procedures of meter 10 so 
that, by substitution of a new ROM key, test procedures 
performed by meter 10 can be altered accordingly. 

25 Because the amount of random access memory (RAM) contained 
within microprocessor 59 is limited, data from ROM key 30 
is loaded into RAM by microprocessor 59 only on jan as- 
needed basis, after which it is discarded, with new data 
taking its place. In the forthcoming description of the 

30 operation of meter 10, values accessed from ROM key. 30 will 
be noted by a (key) immediately thereafter in the text. 

Turning to Figs. 3-6, the operation of meter 10 in 
determining a glucose value will be described. Initially, 
35 microprocessor 59 determines that a sample * strip is 
properly inserted and that its excitation and sense 
electrodes 24 and 26 exhibit proper electrode continuities. 
This operation is described in detail in copending U.S. 
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Patent Application, Serial Mo. • . 

White et al . , entitled "Bibsensin o m » " BCadley 
Sample strips ana JT^"£ ^ 
Determinations", filed on even £ *° 

Patent application is incorporated herein by!^^' 

Microprocessor 5 9 next (before a drop of blood is placed in 
well 20), causes excitation voltage source 44 to ^ T 
10 excitation voltage level 62 (key) fPla Z 1 *» 
tetrode 24. >h, initial vo'lta^e ^ 

xci e t a a s t ureroent to be " aae ° f ^ ™ n 

excxtatxon electrode 24 and sense electrode 26 jfT 
leakage current (sensed by sense anBl •« ' 
IS Microprocessor 59 via A/D converLT^ ' * "* ** t0 
than a threshold (key) 1Z ' * t0 b * les ^ 

display s thatthl , M ^ r °5*"°* 59 indicates via 

20 ,,L ' , ^ ^ aPPly 3 dr °P ° f Wood to well 

20. upon application of the drcm nf m . 

^op m resistance, (i e * T„ ' '"" 

26 —d between electrode 24 and 2" "^ ^""^ iS 

The resultino outnui- r * ***** an P 11 ^' 50. 

mcang output from sense amplifier 50 is *- * 

as pulse 64 of signal trace 66 .„ * 50 ls : ^xcated 

of Pulse 64 is shown in Fig. 5 ° WUIdBd VieW 

" mLr 1Se " PaSS6S thr ° U9h 3 threshold level 68 

Microprocessor 59 determines that a droo of Ki „k 
detected tk. * -, p of bl ood has been 

tected The level of threshold 68 is at a low level so 

bToL 7 d6teCt 3 SaroPle ^ » - ^ with 

30 1: ^ ^ tD ideate the 

Thres^hoTTever 6a an is T" ^ V'c** <>- 
add*. , computed by Ki coprocessor 59 bv 

adding a drop detect threshold (key) to th, If n 

strip leakage. a ° tUal measured 

(Key) is commenced, at the +*>rmi^+* 

/ «u me termination of whioh ^ , 

measurement **ir^ nicn a second 

a i>l * : r uav " or » 64 »~ >•> • Ti- 
en,.,^ tl „, drop of Mooa ^ eni . rejy ^ 
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enzyme layer within well 20. if the voltage sensed at time 
70 is below a sample size threshold 72 (key) ,. the test is 
aborted as the volume of blood is determined to be 
insufficient to assure complete hydration of the enzymatic 

5 reactants within well 20. By contrast, if the current 

• • ■ - * 

sensed at time 70 exceeds sample size threshold 72 (key), 
the test is permitted to continue. 

- ■ 

Next, microprocessor 59 causes the excitation voltage from 
io excitation voltage source 44 to be removed. Trace 74 is 
the "incubation" time t- (key) and extends for a sufficient 
period of time to enable an enzymatic reaction to occur 
between a blood drop and the enzymes in well 20. 

* - 
* * 

15 At the termination of incubation time t |r a further 
excitation voltage (trace 76, Fig. 4) (key), is applied to 
excitation electrode 24 causing a reverse reaction in well 
20.. An exponentially decreasing current (trace 78 in Pig. 
4) is sensed at sense electrode 26 by sense amplifier 50. 

20 

Fig. 6 is ah enlarged showing of .trace 78 (sense current is 
plotted against elapsed time) and illustrates the classic 

» 

Cottrell relationship exhibited by current flow during the 
reverse reaction. Trace 78 is either displaced upwardly or 

25 downwardly in the plot of Fig. 66 depending upon glucose 
concentration. During the period of trace 78, 

microprocessor 59 causes a plurality of current measurement 
values to be sampled, each value taken a time interval k 
(key) apart. The total number of measurement intervals 

30 (e.g. fourteen) is a value also derived from "ROM key 30. 

The sense current measurements enable a glucose 
determination to be made and are used to assure that trace 
78 is, in fact, following the Cottrell relationship. To 
35 assure that trace 78 is of the proper shape, a number of 
fail/safe determinations are made, based upon the current 
measurements (e.g., 82, 84, 86, 88 etc.). In each 
instance, threshold values (key) are employed to determine 
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15 



20 



25 



whether the respective current measurements frb™ - 
are within predefined limits. Details of l 

safe calculations are described ! ° f ^ fail 

application serial Ho ln C °P^i„g „. s . patent 

1 92421 <-»*> * White et" -al. ana. enrm^Z^ &58 " 
with F ai V sa fe Procedures to W ? 

Indications-. The disclosure of the af7r , Err6ne ° US 
apnlical-,™ *» •• aforesaid U.S. patent 

application is incorporated herein by reference. 

* 

As shown in Fig. 6f fourteen intervals between mM 

result from both between measurements 

rrom both a measurement interval count 
interval value rWi™<^ * count and an 

ue derived from ROM key 30. a f»r*>,~ ^ , 
measurement interval value is a,«,o I further delay 

connected via contact «> lng ^ n in P ut 

(ke V , * 9 t:he dSlay ^asurement interval 

(key), microprocessor 59 causes switch iob *- k ^ 

thereby shunting amplifier 100 with resi ! Cl ° Sed 

action • prevents saturation of TpLTer ioT dT" T 

Period when the cottrell current elceel a T 
BieacnraKi ^ . ■ ■ . exceeds a maximum 



30 



-asurable current level (key). Subsegue n t to th ,T 
measurement time, microprocessor 59 1 " 
open so that operational 106 t0 

gain characteristic a„d " " °° 6XhibitS itS n °™ al 

to be taken ^ » eas — ts 82, 84 , etc . 



35 Subsequent to the Cottrell currents beinc 

Stored, meter lo w „ ^ "rrents being recorded and 

to glucose v a i,, 0 c * conversions of current values 

yj.ut.ose values from a rai i s 

calibration curve defined by 
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values in ROM Key 30 ? and then performing a temperature 
compensation correction procedure (key) in accordance with 
a temperature estimation procedure (key) . 

' - ' 

* * ^ - ■ 

5 During the course of a glucose test, it is important that 
meter 10 not provide an erroneous indication to the user as 
such could cause a misadministration of medicine. If the 
user were io insert a ROM key 30 prior to the initiation of 
a glucose test and, sometime during the test remove ROM key 
10 30 and insert another ROM key 30, erroneous results could 

• * ■ 

occur. 

A procedure is shown in Fig. 8 for preventing such a switch 
of ROM keys. Data stored in ROM key 30 includes a cyclic 
15 redundancy check (CRC) checksum pertaining to all data 
stored therein. In the procedure shown in. Fig. 8, after a 
power-on, meter 10 monitors whether a ROM key 30 has been 

* 

inserted (decision box 110). If not, the monitoring 
continues. If yes, then all data is read from ROM key 30 

20 and a CRC checksum is calculated therefrom (box 112), in 
the known manner. The calculated CRC checksum is then 
compared to a CRC value read from ROM key 30 and if the 
values are not identical, the test is aborted as there is 
an error in the data. If the values match, the CRC 

25 checksum is stored in RAM in microprocessor 59 and the test 
continues until a glucose value has been calculated (box 
118). At this point, all data is again read from ROM key 
30 and a CRC checksum is again calculated (box 120) . That 
calculated CRC checksum is then compared to a CRC value 

30 read from ROM key 30 and if the values are not the same, an 
abort occurs (decision box 122) . If an equality is found, 
then the most recently derived CRC checksum from ROM key 30 
is compared against the stored CRC checksum (decision box 
124) to determine if their values are equal. If yes, the 

35 glucose value is displayed. If no, the test aborts upon 
the assumption that ROM keys have been changed. 

* 

* 

It should be understood that the foregoing description is 
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Z ^T?** " ^ inVentl °"- V " i0 " '"Stives 

a* ■■**»-*-. can be aevisea by thos. skillB a i„ the 

-hrle the invention has been described as including a Mt er 
■« . pluggable key. the War ..ploying JJ^Z 

-gnals passing through,, reaction „ u f or 
deter-inatioh of an analyte reaction, the p,„g gable £ 
descnbed hereinabove „y also operate in conjunction with 
e neter that employs other reaction sen"™ 
10 implementallties. e o „h„i „ ' sensing 

s, e.g., optical means. Accordinqlv the 
Present invention is intended to e»br,ce al lench 
alternatives, .edifications and variances which tali 
the scope of the appended clains. 
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CLAIMS 

— ■■— . '■ 

■ . ■ 

What is claimed is: 

■ . * 

1. A biosensing meter for receiving a sample strip 
that includes a sample well with an analyte reactant 
therein, said biosensing meter comprising: 

sense means for outputting signals indicative of 

- . 

manifestations of a reaction in said sample well 
between an analyte^-containing fluid and said analyte 
reactant; 

• ■■ 

pluggable memory key means for insertion into an 
electrical receptacle in said meter, said pluggable 
memory key means including a plurality of stored 
parameter values and procedure routine specifications 
that are employed in controlling operations of said 
meter during execution of an algorithm that enables 
determination of an analyte concentration value; and 

processor means coupled to said memory key means and 
responsive to parameter values and procedure routine 
specifications accessed from said pluggable memory key 
means, to calculate from signal outputs from said 
sense means, using said algorithm, a concentration 
value of an analyte in said analyte-coritaining fluid 
in said sample well, 

2. The biosensing meter as recited in claim 1 wherein 
said pluggable key means further includes a procedure 
routine that, when executed by said processor means, 
enables execution of said algorithm. 

~ 3. The biosensing meter as recited in claim* 1 wherein 
said pluggable key means further includes time values that 
said processor means accesses and uses to control 
operations of said sense means. 
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4. The biosensing meter as recited in 

-alfl. analyte i s either glucose or ch , " * Wh6rein 

a*al y te containing f luid L ^ Sterol and said 

■ 

5. The biosensing meter as recited in claim n k 
Mod pluggable Xey means stores a cyclic ret, 

value (CRC); acyclic redundancy check 

* 

■ 

said processor means performing an ■ i„ iH , J- 

including reading out data frora a sa Td T * 
»eans, calculating a CRC value thie f ^ 
said calculated crc value wi th a CO ™ Parin9 
-id P i uggafale key roeans to h d ; t ^J alUe read 

therebetween and if such « "^ity 

storing said crc value and enJn es tablished, 
P-eed, and at a e^^^ test *o 

determining if said stored c^c vain a " alyte ' W ' 

value read from s »i* , " GgUai to a «C 

rrom said pluggable low 

conclusion, whereby it is ! 7 " " S at Said 

memory Xey means n **** * SWitch °* 

*Y Key M ean s has not occurred durina a ^ * 
procedure. uurin 9 a test 

«- A biosensing meter for receiving 
that includes a sample well with Sa ™ Ple ^ 

herein and electrodes in I \ " 

^sensing meter comprising; " ^""^ Sai * 

tTawT ly Beans for applyiri9 > otentials 

Wrt ° n Said SaJI * le s trip upon 

insertion of said sample strip into said meter; 

sense amplifier means for cnnno^- ^ 

e i. rl . rn . ■ connection to a second 

electrode up on insertion of -„*.•■ 

into said .neter and T ^ 
• signal indicative of a cu ^ 

electrode when an ana vt * ^ ' 

present in , * C ° ntaini ^ «uid is 

present in said sample well; 
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pluggable memory key means for insertion into an 
electrical receptacle in said meter, said 
pluggable memory key means including a plurality 
of stored parameter values for controlling 

operations of said meter; and 

•' - ■ ■ ' ' ■ 

processor means coupled to said excitation 
supply means, sense amplifier means and memory 
key means and responsive to parameter values 
accessed from said pluggable memory key means, 
to cause said excitation supply means to apply a 
plurality of voltages to said first electrode, 
each said voltage having a potential and being 
applied for a duration that is determined by 
said processor means from parameter values 
accessed from said pluggable memory key means, 

* 

and to further control said sense amplifier 
means to provide a plurality of signal outputs 
over a predetermined duration and to further 
calculate from said signal outputs a value 
equivalent to a concentration of an analyte in 
said analyte-containing fluid in said sample 
well, all in conformance with- parameter values 
accessed from said »e»ory key neans. 

7 . The biosensing meter as recited in claim 6 

wherein said analyte is glucose and said analyte containing 

• ■ ■ . ■ '• . ' 

fluid is blood. 

■ 

8. A biosensing meter as recited in claim 6 wherein 
said analyte is cholesterol and said analyte-containing 
fluid is blood. 

9. The biosensing meter as recited in claim 6 
wherein said pluggable memory key means further stores 
procedure routines for further controlling operations of 
said meter, said procedure routines employed by said 
processor means in determining analyte concentration. 
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10 - A biosensing meter for receive 

strap that lncludes excitation m J^ 9 ^ * 

sample well bridging thereto! sal d * 
including an analyte reactant 2^ ' ^ 
comprising. ' Xd bA °sensing meter 



* 

excitation supply means for aD Dlvin„ 
to an excitati™ , . a PPlymg potential 

^ n excitation electrode upon insertion of * 
sample strip into said meter; 3 

when an analyte containing fl uid is nro<! . . , 
said sample well; PreSent ln 

Pluggable memory key means for insertion i. 

pi „ri- r ; insertion into an 

said meter; and 

Processor means coupled to said excitation 

supply means, sense amplifier mean. * 

kw „„, ?»pnner neans and memory 

^ey means, for causing ^ ^ £ 

first I ^ e -^^ion electrode 

and " " COnd GXCltation P—ntials for first 
and second periods, respectively separated by an 
incubation period, and for further causing said 
sense amplifier means, during said second 
period to provide a number of signal outputs 
indicative of sensed currents, values of said 
first and second excitation potentials and the 
number of signal outputs from said sense 
amplifier means controlled by parameter values 
accessed from said memory key means. 
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11. The biosensing meter as recited in claim 10 
wherein said pluggable memory key means further includes 
threshold voltage values for enabling said processor means 
to determine that a sufficient amount of analyte containing 
fluid is present in said sample well and that a leakage 
current between said excitation electrode and sense 
electrode does not exceed a preset value. 

» * * * 

12. The biosensing meter as recited in claim 11 
wherein said pluggable key means further includes an 
elapsed time value that said processor means accesses and 
employs to control a duration of said incubation period. 

13. The biosensing meter as recited in claim 12 
wherein said analyte is either glucose or cholesterol and 
said analyte-containing fluid is blood. 

■ 

14. ..The biosensing meter as recited in claim 13 
wherein said pluggable memory key means further stores 
procedure routines for further controlling operations of 
said meter, said procedure routines employed by said 
processor means in determining analyte concentration. 

15. A biosensing meter for determining a 
concentration of an analyte in a biological sample, said 
meter adapted to connect to a disposable sample strip that 
includes said biological sample in contact with an analyte 
reactant resident on said sample strip, said meter 
controllable to perform a plurality of tests, said meter 
comprising: 

- 

memory key means pluggably inserted into an 
electrical receptacle in said meter, said memory 
Xey means storing a plurality of parameters for 
controlling said tests and further storing a 
Cyclic Redundancy Check (CRC) value; 

processor means including read/write memory for 
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controlling operation of said meter in 
conjunction with parameters received from a said 
memory key means, said processor means 
performing an initial test including reading out 
data from a said memory key means, calculating a 
CRC value therefor, comparing said calculated 
CRC value with a CRC value read from said key to 
determine an identity therebetween and if such 
identity is established, storing said CRC value 
and enabling an analyte test to proceed, and at 
a conclusion of said analyte test, determining 
if saad stored CRC value is equal to a CRC value 
read from said memory key means at said 
conclusion, whereby it is assured that a switch 
of memory key means has not occurred during a 
test procedure. 



16. The biosensing meter as recited i„ claim 15 
wherein said processor means, at the conclusion of an 
analyte test, performs said initial test to assure that a 
CRC value calculated from data read from said memory key 
means at such time matches a CRC value read from said 
memory key means, as well as matching said stored CRC 
value. , 

17 . A biosensing meter for receiving a sample strip 
that includes excitation and sense electrodes and a sample 
well bridging thereacross, said sample well including an 
analyte reactant, said biosensing meter comprising: 

excitation supply means for applying potential 

to an excitation electrode to an inserted sample 
strip; 

■ • » 

sense amplifier means for connection to a sense 
electrode upon insertion of a said sample strip 
into said meter, and for producing an output 
signal indicative of a current at said sense 
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electrode when an analyte containing fluid is 

* 

present in said sample well; 

feedback means for controlling gain of said 
sense amplifier means; 

» ■ * s 

pluggable memory Key means for insertion into an 
electrical receptacle in said meter, said memory 
key means including a plurality of stored 
parameter values for controlling operations of 
said meter; and 

processor means coupled to said excitation 
supply means, sense amplifier means, feedback 
and memory key means, for causing said 
excitation supply means to apply to said 
excitation electrode first and second excitation 
potentials for first and second periods, 
respectively separated by an incubation period, 
and for causing said sense amplifier means to 
produce over N intervals, output values 
indicative of sensed currents during said second 
period, and for causing said feedback means to 
alter gain of said sense amplifier means from a 
low level to a higher level only after passage 
of a preset number of said N intervals, the 
value of N and said preset number desired from 
values read from said memory key means. 
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/WENDED CLAIMS 

[received by the International Bureau on 08 November 1994 /n« n qa\. 
ongmal claims 3,4,7,8,13 cancelled; original 35fi ; 1 ,l/,°4 amended- 

remaining claims unchanged (7 pages)] amenaed, 

■ 

.- ' 

_ i. A biosensing meter for receiving a sample strip 
that xncludes a sample well with an analyte reactant 
therean, said biosensing meter comprising: 

■ 

sense means for outputting signals indicative of 
manifestations of a reaction in said sample well 
between an analyte-containing fluid and said analyte 
reactant; 

Pluggable memory key means for insertion into an 
electrical receptacle in said meter, said pluggable 
memory key means including a P i urality of stored 
parameter values and procedure routine specifications 
that are employed in controlling execution of an 
algorithm performed by said meter that enables 
determination of an analyte concentration value, said 
procedure routine specifications including stored 
values from which time values can be determined for 
controlling said sense means during execution of said 
algorithm; and 

processor means coupled to said memory key means and 
responsive to parameter values and procedure routine 
specif ications accessed from said pluggable memory key 
means, for controlling operation of said sense means 
in accordance with said algorithm and for calculating 
from signal outputs from said sense means a 
concentration value of an analyte in said analyte- 
containing fluid in said sample well 

. 2. The biosensing meter as recited in claim 1 wherein 
saxd pluggable Xey means further includes a procedure 
routane that, when executed by said processor means 
enables execution of said algorithm. 
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3- The biosensing meter as recited in claim ! wherein 
said pluggable key means stores a cyclic redundancy check 
value (CRC) ; 

* 

* 

said processor means performing an initial test 
including reading out data from a said pluggable key 
means, calculating a CRC value therefor/ comparing 
said calculated CRC value with a CR value read from 
said pluggable key means to determine an identity 
therebetween and if such identity is established, 
storing said CRC value and enabling an analyte test to 
proceed, and at a conclusion of said analyte test, 
determining if said stored CRC value is equal to a CRC 
value read from said pluggable key means at said 
conclusion, whereby it is assured that a switch of 
• memory key means has not occurred during a test 
procedure. 

* * * 

■ " ■'■*.* ■ ' ■ 

4. A biosensing meter for receiving a sample strip 

that includes a sample well with an analyte reactant 

/therein and electrodes in contact therewith, said 

biosensing meter comprising: 

excitation supply means for applying potentials to a 

■ 

first electrode on said sample strip upon insertion of 
said sample strip into said meter; 

sense amplifier means for connection to a second 
electrode upon insertion of said sample strip into 
said meter, and for producing an output signal 
indicative of a current at said second electrode when 
an analyte containing fluid is present in said sample 
well; 

• . . . 

pluggable memory key means for insertion into an 
electrical receptacle in said meter, said pluggable 
memory key means including a plurality of stored 
parameter values for controlling operations of said 
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meter; and 



processor ne a „s coupled to said excitation supply 

vherem the processor «a„s is responsive to parameter 
valaes accessed fro, said pluggable .e»ory Xey neans 
to cause said excitation supply Mans t „ J ~' 
Plurality of voltages to said first electrode each 
said voltage bavin, a potential and being applied ^ 
a duration fbat is detemined by sala pi LZl JZ 

■ IT v VaIoes accessed fr » »w Pi»gg.bie 

Mplifier neans to provide a plurality of slq „ al 
outputs over a predetemined duration and to further 
calculate fro. said signal outputs a value eguivalent 
to a concentration of ,„ analyte in said analyte- 
cgntaining fluid i„ s ,id sanple Bell> 

confornanoe with paraneter values accessed f ro„ said 
memory key means. 

s .„ 5 ; bWnsing **tet a * recite i„ 61ala , 4 wherein - 
-id Pluggable Befflory ^ ^ further erexn 

routines for further controll . ng operations ■ £ ed « e 

let™ 16 r ° UtineS ^ ^Processor LanH; 

determining analyte concentration. 

* 

* - 

_ 6 - * biosensing meter for receiving a sample strip 

wen or^- * XCitati0,> ^ ^ 6leC ^ eS * -pie 
analvt 9 said well including an 

analyte reactant. said biosensing meter comprising: 

excitation supply means for applying potential 
to an excitation electrode upon insertion of a 
sample strip into said meter; 

■ 

sense amplifier means for connection to a sense 
electrode upon insertion of a sample strip into 
said meter, and for producing an output signal 
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- . 

- • 

indicative of a current at said sense electrode 
when an analyte containing fluid is present in 
said sample well; 

» 

■ 

pluggable memory key means for insertion into an 
electrical receptacle in said meter, said memory 
key means, including a plurality of stored 
parameter values for controlling operations of 
said meter; and 

processor means coupled to said excitation 
supply means, sense amplifier means and memory 
key means , for causing said excitation supply 
means to apply to said excitation electrode 
first and second excitation potentials for first 
and second periods, respectively separated by an 

incubation period ■, and for further causing said 

• ■ . • ■ 

sense amplifier means, during said second 
period, to provide a number of signal outputs 
indicative of sensed currents, values of said 
first and second excitation potentials and the 
number of signal outputs from said sense 
amplifier means controlled by parameter values 
accessed from said memory key means. 

* 

7. The biosensing meter as recited in claim 6 wherein 
said pluggable memory key means further includes threshold 
voltage values for enabling said processor means to 
determine that an amount of analyte containing fluid is 

* 

present in said sample well and that a leakage current 
between said excitation electrode and sense electrode does 
not exceed a preset value. 

8. The biosensing meter as recited in claim 7 wherein 
said pluggable key means further includes an elapsed time 
value ' that said processor means accesses and employs to 
control a duration of said incubation period. 
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9 . (Amended) The biosensing meter as recited in claim 
7 wherein said pluggable memory key means further stores 
procedure routines for further controlling operations of 
said meter, said procedure routines employed by said 
processor means in determining analyte concentration. 

10. A biosensing meter for determining a concentration 
of an analyte in a biological sample, said meter adapted to 
connect to a disposable sample strip that includes said 
biological sample in contact With an analyte reactant 
resident on said sample strip, said meter controllable to 
perform a plurality of tests, said meter comprising: 

memory key means pluggably inserted into an electrical 
receptacle in said meter, said memory key means 
storang a plurality of parameters for controlling said 
tests and further storing a Cyclic Redundancy check 
(CRC) value; 

processor means including read/write memory for 
controlling operation of said meter in conjunction 
with parameters receiving from a said memory key 
means, said processor means performing ah initial test 
including reading out data from a said memory key 
E«sns, calculating a CRC value therefor, comparing 
said calculated CRC value with a CRC value read from 
said key to determine an identity therebetween and i f 
such identity is established, storing said CRC value 
and enabling an analyte test to proceed, and at a 
conclusion of said analyte test, determining if said 
stored CRC value is equal to a CRC value read from 
said memory key means at said conclusion, whereby it 
is assured that a switch of memory key means has not 
occurred during a test procedure. 

11. The biosensing meter as recited in claim 10 
wherein said processor means, at the conclusion of an 
analyte test, performs said initial test to assure that a 
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CRC value calculated from data read from said memory key 
means at such time matches a CRC value read from said 
memory key means, as well as matching said stored CRC 
value. 

* 

■ 

• ■ * • » 

12. A biosensing meter for receiving a sample strip 
that includes excitation and sense electrodes and a sample 
well bridging thereacross, said sample well including an 
analyte reactant, said biosensing meter comprising: 

• - . * 

excitation supply means for applying potential to an 
excitation electrode to an inserted sample strip; 

sense amplifier means for connection to a sense 
electrode upon insertion ofa said sample strip into 
said meter, and for producing an output signal 
indicative of a current at said sense electrode when 
an analyte containing fluid is present in said sample 
well; 

« 

* 

feedback means for controlling gain of said sense 
amplifier means; 

V 

pluggable memory key means for insertion into an 
electrical receptacle in said meter, said memory key 
means including a plurality of stored parameter values 
for controlling operations of said meter; and 

processor means coupled to said excitation supply 
means* sense amplifier means, feedback, and memory key 
means, for causing said excitation supply means to 
apply to said excitation electrode first and second 
excitation potentials for first and second periods, 
respectively separated by an incubation period, and 
for causing said sense amplifier means to produce over 
N intervals, output values indicative of sensed 
currents during said second period, and for causing 
said feedback means to alter gain of said sense 
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amplifier means from a low level to a higher level 
only after passage of a preset number of said N 
intervals, the value of « and said preset number 
desired from values read from said memory Xey means 
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